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57 ABSTRACT 
Refrigerating apparatus for an automobile air condi 
tioning system including a pressure responsive expan 
sion valve which opens to admit refrigerant to the evap 
orator in response to decreasing evaporator pressure 
for maintaining the evaporator pressure above a mini 
mum level to prevent frost accumulation. A flow re 
stricting throttling valve which is normally open, moves 
toward a closed position in the evaporator outlet to 
maintain evaporator pressure when head pressure 
downstream from the condenser falls to a predeter 
mined level. Because changes in head pressure are pro 
portional to changes in ambient temperature, the re 
striction of the evaporator outlet with decreasing head 
pressure permits the system to be operated at lower 
ambient temperatures without evaporator pressures 
falling below the frost formation level. 

3 Claims, 3 Drawing Figures 
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1. 

HEAD PRESSURE OPERATED SUCTION 
THROTTLING WALWE 

This invention relates to an automobile air condition 
ing system having a pressure responsive expansion 
valve and a pressure responsive throttling valve. 
When refrigerant compressors are driven by a vari 

able speed engine as is common in auto air condition 
ing systems, there is a tendency for frost to form on the 
evaporator under relatively cool ambient temperature 
operation. This is because under conditions of high 
compressor speed and low heat loads on the evapora 
tor, the pressure in the evaporator drops considerably. 
Evaporator temperatures which cause frost to form 
correspond to evaporator refrigerant pressures below a 
critical freezing level. 

Specifically, in an air conditioning system with a 
pressure responsive expansive valve, the valve is 
opened whenever the compressor capacity exceeds the 
heat load on the evaporator. This corresponds to most 
low ambient temperature operations. Under most con 
ditions, the opening of the expansion valve supplies suf 
ficient refrigerant to the evaporator to prevent its pres 
sure from falling below the freezing level. A low ambi 
ent temperature is eventually reached, however, where 
a fully opened expansion valve cannot supply sufficient 
refrigerant to maintain the evaporator pressure above 
the critical freezing level. Operation of the system in 
ambient temperatures below this point may result in 
frost accumulation and blockage of the evaporator. 
The present air conditioning system includes a flow re 
stricting throttling valve which starts to close at a pre 
determined low pressure level of refrigerant down 
stream from the condenser which corresponds to a pre 
determined low ambient temperature. Closing of the 
valve reduces refrigerant flow through the suction line 
to the compressor inlet to maintain refrigerant in the 
evaporator and the evaporator pressure above a freez 
ing level. It has been observed that the refrigerant head 
pressure downstream from the condenser decreases 
correspondingly with decreases in ambient tempera 
tures. Thus as ambient temperature falls, the corre 
sponding lower head pressure acts to move the throt 
tling valve toward a closed position. 

It is an object of the invention to provide automobile 
refrigerating apparatus having a head pressure or con 
denser outlet pressure responsive throttling valve 
which moves to restrict refrigerant flow from the evap 
orator under a predetermined low head pressure and 
corresponding ambient temperature. 

It is a further object of this invention to provide auto 
mobile refrigerating apparatus including an evaporator 
pressure responsive expansion valve which opens dur 
ing predetermined low ambient temperature operations 
to supply sufficient liquid refrigerant to the evaporator 
for maintaining its pressure above a freezing level and 
a flow restricting throttling valve at the evaporator out 
let responsive to refrigerant head pressures down 
stream from the condenser outlet which pressures cor 
respond to ambient temperatures below the predeter 
mined ambient temperatures thus restricting refriger 
ant flow from the evaporator and maintaining its tem 
perature and pressure above a freezing level. 
Further objects and advantages of the present inven 

tion will be apparent from the following detailed de 
scription, reference being had to the accompanying 
drawings in which a preferred embodiment of the in 
vention is clearly shown. 
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2 
In the drawings: 
FIG. 1 is a diagrammatic view of an automobile air 

conditioning system employing the present head pres 
sure responsive throttling valve; and 

FIG. 2 is a fragmentary vertical sectional view in two 
parts through the combination expansion valve and 
throttling valve; 
FIG. 3 is a graph showing the relation of control pres 

sures to ambient temperature and head pressures for 
the system disclosed. 
Referring to FIG. 1, there is illustrated an automobile 

refrigerant compressor 10 provided with a pulley 12 
adapted to be driven at a fixed speed ratio to the engine 
by a belt from a pulley on the front of the automobile 
engine crankshaft (not shown). The compressor 10 
withdraws evaporated refrigerant through a suction 
conduit 14 and passes the compressed refrigerant 
through a discharge conduit 16 into an air cooled con 
denser 18 which is normally located in front of the au 
tomobile radiator. 
The compressed refrigerant is cooled and liquified in 

the condenser 18 and flows therefrom through conduit 
20 to a fitting 22 through which it discharges into a tu 
bular vertical receiver housing 24. In FIG. 2, circular 
valve seat member 26 is supported across the interior 
of the tubular receiver housing 24 between an inlet 
opening 28 and a fitting 30 adjacent an outlet opening 
32 adapted to pass liquid refrigerant from the interior 
of housing 24 into an evaporator 34. Liquid refrigerant 
flows through a passage 36 in the valve seat member 26 
from inlet opening 28 to outlet opening 32 and hence 
into the evaporator 34. An annular O-ring type seal 38 
between the valve seat member 26 and the housing 24 
prevents refrigerant leakage therebetween. 
The bottom end of housing 24 is covered by a plug 

40 threadably secured to the housing 24 by rolled 
threads 42 in the end of the tubular housing 24. An an 
nular O-ring seal 44 between the plug 40 and the hous 
ing 24 prevents fluid leakage therebetween. 
A wall member or partition 46 is supported within 

and across the upper end of tubular housing 24 and 
separates its interior into a lower metering chamber 
portion 48 and an upper control chamber portion 50. 
Metering portion 48 has inlet opening 28, valve seat 
member 26 and outlet opening 32 therein. The control 
portion 50 includes a fitting 52 about a passage 53 
which is adapted to engage the outlet of the evaporator 
to cause refrigerant to flow from the evaporator into 
portion 50. Another fitting 56 about a passage 57 com 
municates the control portion 50 with the suction con 
duit 14 to pass refrigerant from the evaporator 34 to 
the compressor 10. 
A flexible metal diaphragm 58 forms the upper sur 

face of control chamber 50. Diaphragm 58 is fastened 
at its periphery between a backup plate 60 and the 
upper end 62 of the housing 24. The diaphragm 58 is 
exposed on one side 59 to refrigerant in chamber 50 
from the evaporator outlet. 
A reference pressure chamber 64 is formed around 

the upper side 65 of diaphragm 58 by a cup-shaped 
member 66 which is secured to backup plate 60 and 
end 62 by brazing at 68. The reference pressure cham 
ber 64 is either filled with air at atmospheric pressure, 
with refrigerant or evacuated. A fitting 70 in member 
66 is used to fill or evacuate chamber 64. A spherical 
valve member 72 seals chamber 64. A compression 
type coil spring 74 is supported between the upper por 
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tion of member 66 and the outer periphery of a plate 
76. The center of plate 76 contacts the center portion 
of the diaphragm 58. Fluid pressure in chamber 64 and 
the spring 74 exerts a substantially constant pressure 
downward upon the upper side 65 of diaphragm 58. 
Refrigerant pressure from the evaporator outlet exerts 
a force in an upward direction on the lower side 59 of 
diaphragm 58 to establish an equilibrium position. 
When the refrigerant pressure in the evaporator outlet 
increases, the diaphragm 58 moves upward against the 
force of the coil spring 74 and as refrigerant pressure 
from the evaporator outlet decreases, the diaphragm 
58 moves downward. 
Upward and downward movements of the diaphragm 

58 within the tubular housing 24 in response to pres 
sure changes in control chamber 50 are transmitted to 
an expansion valve member 78 adjacent the lower side 
of the valve seat member 26. Valve member 78 is 
threadably secured by a fastener 80 to the lower end of 
a valve rod 82 which extends upward through passage 
36, tubular member 24, and a bore 83 in the wall mem 
ber 46. A centering member 94 supports the lower end 
of valve rod 82 centrally within passage 36. An opening 
96 in member 94 admits refrigerant from inlet 28 to 
passage 36. A diaphragm follower member 84 is 
threadably secured at its lower end to the valve rod 82 
and contacts the center portion 86 of diaphragm 58 at 
its upper end. An annular seal member 88 is centrally 
secured between the diaphragm follower 84 and the 
valve rod 82 and its peripheral edge is connected to the 
wall member 46 by an annular plate 90 and fasteners 
92. Seal 88 prevents refrigerant leakage between me 
tering portion 48 and control portion 50. 
When refrigerant pressure within the control cham 

ber 50 decreases which corresponds to a pressure de 
crease within the evaporator, diaphragm 58 moves 
downward against the follower 84 and valve rod 82 to 
move the valve member 78 to a more open position. 
When refrigerant pressure in control portion 50 in 
creases which corresponds to a pressure increase 
within the evaporator 34, the diaphragm 58 moves up 
ward against the force of spring 74 and the fluid force 
in chamber 64 to move the valve element 78 to a more 
closed position toward the lower end of the valve seat 
member 26. 

In operation of the refrigerating system, high pres 
sure liquid refrigerant from the condenser 18 is ex 
panded to a low pressure condition subsequent to pas 
sage through opening 36. Refrigerant which flows from 
passage 36 to the evaporator passes through a bag 98 
of dessicant material to absorb moisture from the re 
frigerant. 
As previously stated, the subject expansion valve is 

responsive to evaporator refrigerant pressure to open 
and close the expansion valve when the evaporator out 
let pressure changes. Expansion valves which are re 
sponsive to the refrigerant temperature at the evapora 
tor outlet, maintain a superheat temperature of refrig 
erant. Superheat is a measure of the temperature of a 
vapor above its boiling point at a given pressure. The 
pressure responsive expansion valve does not always 
maintain superheat. When compressor capacity ex 
ceeds the heat load on the evaporator which condition 
corresponds to most high ambient temperature high 
way conditions, the expansion valve opens to flood the 
evaporator with liquid refrigerant. This has an advan 
tage when used with parallel finned tube type evapora 
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4. 
tors. These evaporators have a tendency to develop hot 
spots caused by the formation of superheated vapor on 
one side of the core and liquid refrigerant on the other. 
The liquid refrigerant flooding of the evaporator 
caused by opening of the present expansion valve tends 
to wash out the hot spots. 
Under conditions of high evaporator load, and low 

compressor speed which often occurs when the motor 
vehicle is idling, the expansion valve tends to close due 
to a pressure increase in the evaporator. This maintains 
evaporator pressure above that needed to prevent forst 
accumulation on the evaporator. However, expansion 
valve closing may not provide enough refrigerant flow 
through the evaporator to maintain a minimum cool air 
discharge temperature into the passenger compart 
ment. Thus, a small continually open bleed passage 100 
may be provided in member 26 to allow leakage of 
enough refrigerant to the evaporator for minimum 
cooling. 
The refrigerant used in many automobile air condi 

tioning systems is refrigerant 12, a fluorocarbon com 
pound with the general formula CCF. It changes 
from a liquid to a vapor or boils at a temperature 
slightly above 32°F. under a pressure of about 28 psig, 
It is desirable to maintain the refrigerant pressure in the 
evaporator above 28 psig to prevent the evaporator 
temperature from falling below 32° F and resultant 
frost accumulation on the evaporator. 
Normally, the present pressure responsive expansion 

valve controls refrigerant flow into the evaporator for 
maintaining at least a 28 psig pressure level therein to 
prevent freezing evaporator temperatures. As the am 
bient temperature increases however, it has been ob 
served that evaporator pressures lower than 28 psig can 
be tolerated without frost formation. This is partially 
explained by the increased rate of heat input to the 
evaporator due to an increased temperature difference 
between the faces of the evaporator under higher ambi 
ent temperature conditions. FIG. 3 shows this observa 
tion by illustrating the relation of control pressure in 
chamber 50 to ambient temperature for a given evapo 
rator and refrigerant system. The broken line repre 
sents the evaporator freeze line below which frost will 
accumulate at corresponding control pressures and am 
bient temperatures. It is known that refrigerant head 
pressure at the condenser outlet is nearly independent 
of the automobile speed but is proportional to changes 
in ambient temperatures. Thus, increased ambients will 
produce proportionate increases in head pressures over 
a given speed range. This relation explains the dual la 
beling of the horizontal axis of the graph in FIG. 3. 
The subject expansion valve utilizes the relation be 

tween ambient temperature and head pressure to effec 
tively decrease the control pressure and thus the posi 
tion of the valve with increases in head pressure at the 
inlet of the expansion valve. Specifically, the area of 
the seal member 88 exposed to head pressure in the 
metering portion is made slightly greater than the area 
of the valve member 78 exposed to head pressure. Thus 
the net force due to head pressure acting on the valve 
rod 82 is upward and the force increases with increases 
in head pressure. This upward force tending to close 
the valve passage 36 is supplementary to the control 
pressure force chamber 50 and effectively reduces the 
control pressure maintained in the chamber for any 
given position of valve element 78. Thus at relatively 
low head pressures which correspond to low ambients, 
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only a relatively small supplemental force is applied to 
valve rod 82 and the evaporator pressure is maintained 
above 28 psig. At relatively higher head pressures cor 
responding to higher ambient temperatures, a larger 
supplemental force on rod 82 is applied which effec 
tively lowers the control pressure and evaporator pres 
sure below 28 psig. The control pressure relation to 
ambient temperature for a given compressor speed is 
shown in a solid line in FIG. 3. The relative areas of seal 
88 and valve element 78 can be modified to produce a 
desirable control pressure profile nearly paralleling the 
evaporator freeze line (broken lines) as in FIG. 3. 
Because of high refrigerant withdrawal rates from the 

evaporator when the compressor capacity exceeds the 
heat load on the evaporator, the present expansion 
valve will open as the evaporator outlet pressure falls. 
Low ambient temperature operation of the refrigerat 
ing system produces these conditions of low heat load, 
decreasing evaporator pressure and resultant opening 
of the expansion valve which tends to flood the evapo 
rator with liquid refrigerant. The expansion valve will 
be able to maintain evaporator pressure above the criti 
cal 28 psig freeze level by fully opening until a critical 
low ambient temperature is reached. At ambients 
below this critical temperature, the valve cannot open 
further to supply enough refrigerant to the evaporator 
for pressure maintenance. It has been found in one sys 
tem that the critical ambient temperature was about 
50 F. At ambient temperatures lower than 50°F, the 
evaporator pressure began to fall below 28 psig. 
The present air conditioning system includes a flow 

restricting throttling valve assembly 110 across the 
evaporator outlet when closed. The throttling valve 
110 includes a slidable face seal member 112 which re 
ciprocates upward and downward to control the quan 
tity of refrigerant withdrawn from the evaporator 34. 
Valve member 112 is connected by a piston rod 114 
and fastener 115 to a piston 116 reciprocal within a cyl 
inder 118. The lower end of cylinder 118 extends into 
the metering chamber 48 of the expansion valve. The 
cylinder 118 is formed in a portion of wall member 46. 
The lower end of cylinder 118 which extends into 

metering chamber 48 exposes the lower end 119 of pis 
ton 116 to head pressure from the condenser outlet. A 
compression type coil spring 120 between member 46 
and the piston 116 exerts a closing force on the piston 
and valve element 112. During normal operation of the 
system above, the aforesaid critical ambient tempera 
ture head pressure acting on face 119 of piston 116 
moves the interconnected piston and valve element to 
the fully open position shown in FIG. 2. Above the crit 
ical ambient temperature, evaporator pressure is main 
tained solely by controlling the quantity of liquid refrig 
erant flowing through passage 36 of the expansion 
valve. When the refrigerating system is operated below 
the critical ambient temperature, however, the head 
pressure within the metering portion 48 decreases to a 
level which allows the force of coil spring 120 to over 
come the pressure force on piston 116. In response, the 
valve element 12 is moved downward to restrict the 
entrance to suction line 14. The pressure in the evapo 
rator is maintained by heating of refrigerant in the 
evaporator. This prevents the evaporator pressure and 
temperature from falling below 28 psig and 32° F and 
frost accumulation on the evaporator. In the refrigerat 
ing system previously mentioned, ambient temperature 
operation down to about 32° F is possible with the 
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6 
throttling valve 112 starting to close at about 150 psig 
head pressure. The valve 112 closed to block 75 per 
cent of opening 57 at about 75 psig head pressure. This 
allows the air conditioning system to be operated con 
tinuously above the minimum 32° F temperature with 
out the use of costly temperature sensing controls and 
a compressor cycling means. The expansion valve and 
pressure operated throttling valve are adapted to be 
used with an inexpensive on-off temperature sensing 
switch in the compressor clutch energization circuit. 
This switch opens at an ambient temperature slightly 
above the freezing temperature and may be a bimetal 
type. Although the present throttling valve is desirable 
for use with the aforedescribed type of pressure respon 
sive expansion valve, it is contemplated that applica 
tions in combination with other types of expansion 
valves such as thermally responsive valves may be used. 
While the embodiment of the invention as described 

above and illustrated in the drawings constitutes a pre 
ferred form, other forms may be adapted. 
What is claimed is as follows: 
1. Refrigerating apparatus for an automobile air con 

ditioning system comprising: an evaporator with an 
inlet and an outlet; a refrigerant compressor with its 
inlet connected by a suction conduit to the evaporator 
outlet; a condenser with its inlet connected to the com 
pressor outlet; and expansion valve with an inlet con 
nected to the condenser outlet and an outlet connected 
to the inlet of the evaporator; said expansion valve hav 
ing a refrigerant passage between its inlet and outlet for 
the passage of refrigerant from said condenser to said 
evaporator; a movable valve member coactive with said 
passage for controlling the supply of refrigerant intro 
duced into the evaporator and opening when refriger 
ant pressure within the evaporator decreases to a pre 
determined level to supply refrigerant to the evapora 
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tor for maintaining the evaporator pressure above a 
minimum level to prevent frost accumulation upon the 
evaporator; refrigerant flow control valve means be 
tween said evaporator outlet and compressor inlet re 
sponsive to decreasing refrigerant pressure between 
said condenser outlet and said expansion valve passage 
which corresponds to operation of the system below 
predetermined ambient temperature to move the valve 
means toward a closed position to restrict the with 
drawal of refrigerant from the evaporator through the 
suction conduit for maintaining refrigerant pressure in 
the evaporator above said minimum level. 

2. Refrigerating apparatus for an automobile air con 
ditioning system comprising: an evaporator with an 
inlet and an outlet; a refrigerant compressor with its 
inlet connected by a suction conduit to the evaporator 
outlet; a condenser with its inlet connected to the com 
pressor outlet; a refrigerant pressure responsive expan 
sion valve with an inlet connected to the condenser 
outlet and an outlet connected to the inlet of the evapo 
rator; said expansion valve having a refrigerant passage 
between its inlet and outlet for the passage of refriger 
ant from said condenser to said evaporator; a movable 
valve member coactive with said passage for control 
ling the supply of refrigerant introduced into the evapo 
rator and opening in response to a decrease in refriger 
ant pressure within the evaporator to introduce refrig 
erant thereto for maintaining the evaporator pressure 
above a minimum level which prevents frost accumula 
tion upon the evaporator; refrigerant flow control valve 
means between said evaporator outlet and compressor 
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inlet to restrict the withdrawal of refrigerant from the 
evaporator by the compressor for maintaining refriger 
ant pressure in the evaporator above said minimum 
level, said flow restricting valve including a member 
movable from an open position toward a closed posi 
tion in response to decreasing refrigerant pressures be 
tween said condenser outlet and said expansion valve 
passage to a value below a level corresponding to oper 
ation of the refrigerating system at ambient tempera 
tures below a predetermined temperature. 

3. Refrigerating apparatus for an automobile air con 
ditioning system comprising: an evaporator with an 

10 

inlet and an outlet; a refrigerant compressor with its 
inlet connected by a suction conduit to the evaporator 
outlet; a condenser with its inlet connected to the com 
pressor outlet; a refrigerant pressure responsive expan 
sion valve with an inlet connected to the condenser 
outlet and an outlet connected to the inlet of the evapo 
rator; said expansion valve having a refrigerant passage 
between its inlet and outlet for the passage of refriger 
ant from the condenser to said evaporator; a movable 
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8 
valve member coactive with said passage for control 
ling the supply of refrigerant introduced into the evapo 
rator and said valve member opening in response to a 
decrease in refrigerant pressure within the evaporator 
to introduce refrigerant for maintaining the evaporator 
pressure above a minimum level which prevents frost 
accumulation upon the evaporator; refrigerant flow 
control valve means between said evaporator outlet 
and compressor inlet to restrict the withdrawal of re 
frigerant from the evaporator for maintaining refriger 
ant pressure in the evaporator above said minimum 
level; said flow restricting valve including a reciprocal 
valve member interconnected by a valve rod to a piston 
one side of which is exposed to refrigerant pressure be 
tween said condenser outlet and said expansion valve 
passage to cause said valve member to move toward a 
more closed position in response to decreasing refriger 
ant pressure to a value below a level corresponding to 
operation of the refrigerating system at ambient tem 
peratures below a predetermined temperature. 
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